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The  TRSB  system^demonstration  at  JFK  in  December  1977  was  installed  on  Runway  13L  and 
consisted  of  a l--' phased  array  azimuth  subsystem,  a 1.5^  elevation  subsystem  with  an 
antenna  of  the  Rotman  lens  design,  and  a precision  L-Band  DME.  A new  laser  tracker, 
previously  untried  in  the  field,  was  provided  for  precise  aircraft  position  data,  but 
due  to  calibration  survey  errors  and  data  processing  software  problems,  the  tracker 
data  was  considered  unusable,'  However,  TRSB  airborne  recordings  are  available  for 
several  flights  and  provide  a useful  data  output.  ‘ 

During  the  operational  demonstrations,  national  and  international  observers  in  the 
NASA  B-737  aircraft  flew  the  *Canarsie  approaches,*  under  fully  coupled  and  manual 
flight  conditions  to  touchdown  and  rollout.  These  demonstrations  highlighted  the 
important  capability  of  MIS  to  provide  precision  guidance  over  complex  approach  paths 
to  a busy  international  airport. 
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Several  years  ago  the  Federal  Aviation  Administration  (KAA)  embarked 

Ion  a program  to  develop  a Microwave  Landing  System  (M1,S).  Two  design 
techniques,  1 ime  Reference  Scanning  Ream  (1  RSIS)  anti  Doppler  scan  were 
analyzed  and  developed  for  comprehensive  comparative  evaluation.  Numerous 
tests  were  conducted  at  the  FAA's  National  Aviation  Facilities  Experimental 
Center  (NAFEC),  Atlantic  City,  New  Jersey,  before  the  FAA  selected  the 
TRSB  system  as  the  choice  for  final  development.  TRSB  MLS  is  the  United 
States/Australia  (InterScan)  candidate  submission  to  the  International  Civil 
Aviation  Organization  (ICAO)  as  the  eventual  replacement  for  1 1 S. 

In  March  1977,  following  a 15-month  period  of  intensive  and  compre- 
hensive assessment  oi  all  competing  microwave  landing  systems,  the  ICAO 
All  Weather  Operations  Panel  (AWOP)  recommended  TRSB  as  the  preferred 
candidate  microwave  landing  system  for  international  adoption.  This 
assessment  involved  more  than  100  leading  international  experts  in  micro- 
wave  landing  systems. 

Ihe  Air  Navigation  Commission  (ANC)  forwarded  the  AWOP  recommen- 
dation to  the  ICAO  Council,  whereupon  the  Council  scheduled  a worldwide 
meeting  for  April  1978,  to  address  the  question  of  selecting  the  new  inter- 
national standard  for  an  approach  and  landing  guidance  system.  In  the 
interim,  in  consonance  with  the  ICAO  Council  suggestion  that  proposing 
States  carry  out  demonstrations  at  operational  airports,  the  FAA  has 
developed  a program  to  conduct  operational.demonstrations  of  several  1'RSB 
hardware  configurations  at  selected  airports  in  the  United  States  and  abroad. 
(Hereafter  for  simplicity,  "TRSB  MLS"  will  be  referred  to  as  "TRSB.") 

These  demonstrations  are  intended  to  show  that  the  TRSB  signal  format  and 
system  design  are  mature  and  satisfy  the  full  range  of  requirements  from 
general  aviation  use  to  scheduled  air  carrier  operations,  for  Category  1 
to  Category  111  autoland.  Additionally,  these  demonstrations  provide 
opportunities  for  representatives  and  officials  of  the  international  aviation 
community  to  gain  first-hand  knowledge  of  TRSB  and  its  application  to 
their  particular  requirements. 

DISCUSSION 

The  TRSB  flights  of  December  5 through  January  4,  1^78,  at  John  F. 
Kennedy  International  Airport  represent  the  fourth  in  a series  of  operational 
demonstrations  at  domestic  and  foreign  civil  airports.  These  demonstrations 
had  several  objectives.  First,  the  use  of  TRSB  for  automatic  guidance  on 
an  actual  complex  path  used  for  noise  abatement  and  to  resolve  traffic 
conflicts  with  1 -aGua  rdia  Airport,  was  planned  for  demonstration.  Collection 
of  engineering  data  on  TRSB  was  a second  objective  which  had  the  twin 
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goals  of  providing  a data  base  for  further  validation  of  multipath  computer 
simulations  and  for  collecting  performance  ilata  to  be  used  in  the  bilateral 
data  comparison  of  DM  LS  and  TRSR. 

The  operational  demonstrations  were  accomplished  without  difficulty, 
ami  aviation  officials  and  international  technical  experts  observed  and 
participated  in  coupled  and  manually  controlled  flights  of  TRSR  equipped 
aircraft  at  this  large  and  busy  international  airport.  The  operational 
flight  profiles  were  patterned  after  the  JFK  noise  abatement  profiles  to 
Runway  1 '1  , known  as  the  "Canarsie"  approach. 

1 he  required  engineering  data  to  satisfy  the  second  objective  was  un- 
usable due  to  problems  connected  with  the  time  correlation  of  the  precision 
tracker  data  and  the  TRSR  receiver  angle  output  records,  and  the  associated 
tracker  calibrations  and  computer  software  required  to  process  and  reduce 
the  data.  Subsequently,  the  engineering  data  collection  effort  at  JFK  was 
rescheduled  for  early  in  March  l‘>78,  which  would  be  immediately  prior  to 
the  scheduled  PM  l S tests  at  JFK.  This  would  allow  sufficient  time  to 
resolve  the  tracker  data  processing  problems  and  thus  allow  proper  support 
of  both  the  TRSR  and  DM  LS  test  efforts.  These  latter  efforts  were  success- 
fully conducted  during  March  1^78;  the  results  are  the  subject  of  a separate 
report  on  the  comparative  tests  of  PM  l S and  TRSR  at  JFK. 

Site  Selection 


Figure  1 shows  the  siting  of  the  TRSR  equipment  at  the  JFK  airport 
on  Runway  1 M . Note  that  two  locations  are  indicated  for  the  elevation 
subsystem.  A ' mixed"  l'RSR  system  was  installed  consisting  of  the  Rasic 
Wide  "test  bed"  azimuth  subsystem  and  the  Rasic  Narrow  elevation  sub- 
system. Although  the  Rasic  Wide  "test  bed"  was  the  designated  system 
to  be  used  in  the  comparative  testing,  * the  elevation  array  had  been  returned 
earlier  to  the  manufacturer  (Rendix  Corporation!  for  refurbishment  and 
packaging  in  a case  suitable  for  mobile  field  demonstrations,  and  had  not 
become  available  at  the  time  scheduled  for  the  demonstrations  at  JFK. 

The  Rasic  Wide  "test  bed"  azimuth  subsystem  is  a conventional  1° 
beamwidth  phased  array,  and  provides  (>0°  proportional  guidance,  with 
vertical  coverage  up  to  20°. 

The  Rasic  Narrow  elevation  subsystem  has  lateral  coverage  in  excess 
of  jf  40°,  and  vertical  proportional  coverage  to  15°.  The  antenna  is  a 
microwave  optics  (Rotman  lens)  design  which  has  a l.f>°  beamwidth. 

•'■NOTE:  Ry  bilateral  agreement  between  the  UK  CAA  and  the  FAA,  JFK 
and  two  other  airports  were  chosen  for  comparative  PMl.S  and 
TRSR  trials  and  specific  ground  system  components  were 
designated. 


In  order  to  provide  complete  TRSB  coverage  of  the  "Canarsie" 
approach  from  centerline  to  the  Canarsie  (CRI)  VOR,  lateral  azimuth 
coverage  to  about  45°  and  lateral  elevation  coverage  in  excess  of  55° 
are  required.  Thus,  the  +_  60°  azimuth  unit  is  well  suited  for  this 
approach,  but  the  elevation  signal  is  attenuated  more  than  desirable 
near  the  CRI  VOR  due  to  the  increased  pattern  roll-off  beyond  the 
40°  coverage  specification.  The  Basic  Wide  "test  bed"  elevation  sub- 
system with  its  wider  coverage  capability  would  be  the  preferred  choice 
for  this  installation. 
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The  available  Basic  Narrow  elevation  array  was  installed  on  the 
north  elevation  pad  for  the  demonstration  flights.  This  left  the  south 
pad  open  for  the  Basic  Wide  "test  bed"  array  when  it  became  available, 
without  disrupting  the  demonstration  schedule.  Also,  computer  simu- 
lations suggested  that  measurable  effects  due  to  reflection  of  the  elevation 
signal  by  the  hangar  line  to  the  north  of  Runway  13L  would  be  observed. 
Siting  on  the  north  pad  would  provide  the  best  chance  to  acquire  data 
applicable  in  further  validation  of  the  computer  simulations,  although 
the  elevation  signal  quality  would  be  somewhat  degraded  in  the  -25°  to 
-30°  azimuth  region  (about  halfway  between  the  centerline  and  the  CRI 
VOR).  Siting  the  elevation  on  the  south  pad  would  be  the  normal  installa- 
tion at  JFK.  This  would  also  reduce  the  signal  shadowing  by  the  hangars 
to  the  north,  and  move  any  hangar  reflection  on  the  Canarsie  approach 
to  wider  azimuth  angles  (beyond  35°).  This  more  typical  operational  siting 
was  the  preferred  location  for  the  DMLS/TRSB  comparative  testing. 

In  the  final  analysis,  the  test  bed  elevation  subsystem  did  not  become 
available  in  time  for  installation  during  the  demonstration  period,  and  the 
demonstrations  were  completed  using  the  Basic  Narrow  elevation  sited  on 
the  north  pad.  Difficulties  with  deploying  the  newly  acquired  laser  tracker 
and  achieving  integration  into  the  data  collection  and  processing  systems, 
plus  the  late  availability  of  the  designated  test  bed  elevation  subsystem 
required  that  the  comparative  profiles  be  accomplished  at  a later  time. 
Thus,  no  error  data  with  precision  tracking  was  obtained  during  this 
demonstration  period,  although  the  available  airborne  receiver  angle 
records  (see  Appendix  B)  can  provide  some  support  to  the  simulation 
validation  efforts. 

System  Installation 

Runway  13L  is  10,000  feet  (3,  048  meters)  in  length,  but  has  thres- 
holds displaced  1,000  feet  (305  meters)  at  both  ends,  yielding  a usable 
length  of  8,000  feet  (2,438  meters).  The  azimuth  subsystem  was  sited 
along  the  extended  centerline  2,  170  feet  (661  meters)  beyond  the  stop  end 


of  the  runway.  The  elevation  subsystem  as  sited  on  the  north  pad  was 
250  feet  (76  meters)  perpendicular  to  the  centerline  and  769  feet  ( 234  meters) 
from  threshold.  In  less  than  3 workdays  from  equipment  arrival  at  JFK 
Airport,  installation  and  alignment  were  completed.  This  was  accomplished 
under  extremes  of  weather  conditions.  Additionally,  in  the  course  of 
initial  equipment  set-up  the  electronic  scan  was  inadvertently  set  to  scan 
less  than  the  60°,  and  this  was  corrected  before  demonstrations  and 
data  gathering  was  undertaken.  The  TRSB  sites  with  respect  to  Runway 
13L  and  surroundings  are  depicted  in  Figure  2.  Figure  3 is  a general 
view  of  the  TRSB  elevation  site  in  the  vicinity  of  the  hangar  line  to  the 
north.  Figure  4 is  a closer  view  of  the  Basic  Narrow  elevation  site, 
and  Figure  5 shows  this  site  from  the  opposite  side.  The  JFK  airport 
control  tower  and  some  of  the  airline  terminal  buildings  at  the  airport 
can  be  seen  in  the  background  of  this  figure.  Figure  6 details  the  mount- 
ing of  the  elevation  antenna  on  the  concrete  pad.  Although  not  shown  in 
these  views,  the  field  monitor  horn  antenna  for  the  elevation  subsystem 
was  located  1000  fee t (30.  5 meters)  directly  in  front  of  the  elevation 
antenna. 

It  is  apparent  from  the  perspective  in  Figures  2 and  3 that  the 
three-hangar  complex  adjacent  to  the  site  has  the  potential  to  provide 
both  reflection  and  shadowing  effects  at  lower  elevation  angles.  "Horizon" 
profiles  for  both  the  north  and  south  elevation  sites  are  shown  in  Figure  7. 

Figure  8 shows  the  azimuth  subsystem  installation.  The  antenna 
and  electronics  for  the  azimuth  subsystem  are  located  in  the  antenna 
enclosure.  In  the  background  of  this  figure  is  the  commissioned  ILS 
localizer  for  Runway  13L.  Although  the  azimuth  subsystem  was  located 
in  front  of  the  localizer,  it  had  no  adverse  effect  on  the  localizer  per- 
formance as  verified  by  FAA  Eastern  Region  flight-check  inspections. 

Figure  9 is  a view  of  the  azimuth  subsystem  enclosure  from  the 
rear.  The  mounting  details  of  the  enclosure  on  the  concrete  pads  can  be 
seen  in  this  figure.  Although  not  shown,  the  field  monitor  horn  antenna 
for  the  azimuth  sub-system  was  located  100  feet  (30.5  meters)  directly 
in  front  of  the  azimuth  antenna. 

Located  near  the  TRSB  azimuth  subsystem,  309.4  feet  (94.3  meters) 
to  the  northeast,  was  the  DME  electronics  package.  It  was  located  in 
the  van  shelter  which  housed  the  laser  tracker  rather  than  within  the 
azimuth  enclosure  where  it  would  normally  be  housed  (Figure  10). 

Flight  Path  Geometry 

The  flight  path  used  for  the  operational  demonstrations  was  the 
curved  Canarsie  approach  route  to  Runway  13L  as  shown  in  Figure  11. 
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Flights  were  made  with  an  initial  altitude  of  2,  300  feet  (701  meters)  over 
the  Canarsie  VOR  and  continued  from  there  in  a fully  coupled  curved 
approach  on  a steady  3.  15°  descent  to  final  autoland.  This  approach  path 
over  Jamaica  Bay  and  the  Shore  Parkway  is  a preferred  route  for  avoid- 
ing traffic  conflicts  with  LaGuardia  Airport  to  the  northeast  and  for 
reducing  aircraft  noise  over  heavily  populated  residential  istricts.  Cur- 
rently, it  is  only  available  under  VFR  conditions. 

Standard  profiles  (radials,  partial  orbits  and  approaches)  were  used 
for  the  data  acquisition  flights  and  are  listed  in  Table  1. 

TRSB  Operational  Demonstration  and  Data  Acquisition  Flights 


Close  coordination  between  project  personnel  on  the  TRSB  demonstra- 
tion team  and  JFK  air  traffic  controllers  at  the  N.  Y.  Common  IFR  Facility 
and  the  ATC  Tower  permitted  use  of  Runway  13L  during  daylight  hours 
for  the  TRSB  operational  demonstration  flights.  However,  the  data  acqui- 
sition flights  had  to  be  made  between  the  hours  of  0300  EST  and  0700  EST, 
because  the  data  flight  patterns  required  the  test  aircraft  to  fly  into  the 
LaGuardia  Airport  airspace.  Flights  demonstrating  the  curved  Canarsie 
approach  encountered  occasional  delays  when  departing  aircraft  penetrated 
the  Canarsie  approach  region. 

The  14  operational  demonstration  flight  periods  are  listed  in  Table  2, 
TRSB  Operational  Demonstration  Flights  at  JFK,  December  1977.  Table  3 
lists  the  international  representatives  who  participated  in  these  flights  as 
observers.  The  aircraft  used  on  the  operational  demonstration  flights  was 
the  NASA  Terminal  Configured  Vehicle  (TCV)  B-737.  Figure  12  shows 
this  aircraft  on  a typical  TRSB  approach  to  Runway  13L. 

The  data  acquisition  flights  were  flown  with  the  NAFEC  Convair  580 
(N-49)  test  bed  aircraft  (Figure  13).  The  final  data  acquisition  flight  was 
on  January  4,  1978,  with  the  Basic  Narrow  elevation  antenna  moved  to  the 
south  side  of  the  runway  when  it  became  apparent  that  the  Basic  Wide  "test 
bed"  array  would  not  be  available  in  this  time  period.  A series  of  Canarsie 
approaches  were  flown  for  comparison  with  data  collected  previously. 

Airborne  Instrumentation 

The  airborne  equipment  used  in  the  demonstrations  consisted  of  a 
TRSB  angle  receiver,  course  deviation  indicator,  and  precision  DME 
receiver.  Associated  instrumentation  consisted  of  data  multiplexer, 
synchronizer,  digital  data  recorder,  and  analog  video  recorder  (Figure  14). 
Digital  AZ-EL-DME  and  serially  coded  time  data  were  recorded  on 
magnetic  tape  in  the  aircraft. 


5 


Mobile  Van  Instrumentation 
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In  order  to  provide  information  on  multipath  sources  for  use  in 
connection  with  the  Lincoln  laboratory  computer  simulations,  a NAFEC 
mobile  test  van  was  used  to  determine  reflection  coefficients  ot  major 
reflecting  surfaces  at  the  approach  end  of  Runway  13L. 

The  mobile  test  van  was  positioned  at  various  locations  near  reflection 
sources  to  measure  multipath  levels.  1 he  van  was  equipped  with  the  comple- 
ment of  equipment  shown  in  Figure  lh  plus  a vertical  telescoping  mast  with 
a TRSB  receiving  antenna.  Figure  In  shows  the  test  van  beside  Runway 
131  near  the  touchdown  region.  I' he  TRSB  elevation  site  can  be  seen  to 
the  left.  The  mast  antenna  height  was  variable  from  h feet  (1.5  meters) 
to  hi  feet  (IS.  5 meters).  The  receiving  antenna  could  also  be  rotated 
through  a horizontal  sweep  of  90°.  1 wo  different  receiving  antennas 

were  used  for  different  purposes.  A wide  angle  90°  aperture  was  used 
to  receive  combined  direct  and  multipath  radiation,  and  a _j_  20°  aperture 
directional  horn  was  used  to  separate  the  direct  and  reflected  signals. 

RESUI IS 


The  system  installation  and  operational  demonstrations  were  highly 
successful  and  gave  the  many  participants  considerable  insight  into  opera- 
tional benefits  available  by  application  of  TRSB  at  JFK.  In  the  case  of  the 
NASA  737  autolands,  43  of  i>0  were  conducted  without  incident  despite  wind 
conditions  and  a trajectory  which  stressed,  the  nonoptimi/ed  area  naviga- 
tion computer  used  for  this  very  close-in  capture  of  the  final  approach  path. 
1‘here  were  15  cases  where  it  was  not  possible  to  complete  the  full  approach 
automatically  due  to  the  inability  of  on-board  equipment  to  cope  with  those 
winds,  and  in  a few  cases  due  to  failure  of  aircraft  instrumentation  electronics. 
There  were  no  cases  where  problems  with  TRSB  MLS  guidance  accuracy 
were  responsible  for  incomplete  autoland. 


The  airborne  data  records  indicate  good  quality  guidance  throughout 
most  of  the  TRSB  coverage  region.  However,  these  records  (although 
qualitative  in  nature)  indicate  certain  regions  of  reduced  guidance  quality 
worthy  of  comment. 

The  receiver  records  for  azimuth  show  high  quality  guidance  on  most 
profiles.  Some  shadowing  effects  are  noted  at  low  angles;  the  occasional 
isolated  perturbation  is  assumed  to  be  due  to  local  airport  traffic''-. 


This  traffic  was  on  Runway  221  -4R  which  was  in  active  use  when  these 
tests  were  made.  However,  in  an  operational  situation,  this  cross  runway 
would  normally  not  be  in  use  when  landings  were  being  made  on  Runway 
13L-31R. 

o 


ft 


The  receiver  records  for  elevation  show  the  expected  guidance 
deterioration  at  wide  angles  due  to  the  Basic  Narrow  elevation  antenna 
coverage  limits.  Also  noted  are  the  longer  reflection  effects  at  azimuth 
angles  outside  of  -25°  and  the  hangar  blockage  effects  at  the  wider  azimuth 
angles  on  the  opposite  side  of  centerline.*  From  accumulated  knowledge 
of  TRSB  and  DMLS  as  well  as  from  theoretical  understanding,  these  effects 
would  be  experienced  by  either  C-Band  system. 

On  the  Canarsie  approach  route,  the  hangar  reflection  effects,  as 
expected,  are  found  in  a region  centered  on  -27°  azimuth  with  the  eleva- 
tion antenna  on  the  north  pad  and  are  noticeable  in  the  vicinity  of  -38° 
azimuth  with  the  antenna  moved  to  the  south  pad.  At  wide  angles,  beyond 
the  design  limits  of  the  Basic  Narrow  elevation  antenna,  noise  increases 
rapidly  indicating,  as  expected,  that  the  Basic  Narrow  elevation  antenna 
coverage  is  marginal  for  this  application  and  that  the  basic  wide  elevation 
antenna  which  was  planned  for  this  demonstration,  is  the  proper  choice. 

It  is  important  to  recognize  that  these  results  are  only  the  receiver 
output  and  are  not  error  plots  which  can  be  quantitatively  assessed.  With- 
out the  benefit  of  comparison  with  a tracking  system  (a  measurement 
standard),  the  effects  of  aircraft  motion  are  still  included  in  the  data  pre- 
sented. For  this  reason,  it  is  appropriate  to  exercise  caution  in  interpret- 
ing these  results,  especially  in  any  comparative  sense.** 

Specific  results  are: 

1.  The  operational  flights  demonstrated  conclusively  the  capability 
of  the  system  to  provide  guidance  for  performing  the  Canarsie  curved-path 
approach  and  landings  under  automatic  and  manual  control  to  Runway  1 3L. 


*The  hangars  of  concern  at  JFK  runway  13L  violate  the  ICAO  obstruction 
clearance  limit  (OCL)  by  some  31  feet  (i.  e.  , they  are  80  feet  high  whereas 
the  OCL  limit  for  that  distance  from  runway  centerline  is  49  feet). 

** Before  publishing  this  report,  a subsequent  set  of  comparative  TRSB  and 
DMLS  data  was  gathered  for  CAA/FAA  bilateral  comparison  purposes. 

That  independent  activity  is  reported  separately  so  as  to  avoid  misleading 
the  reader. 


2.  There  were  no  adverse  effects  from  the  observed  multipath 
signal  disturbances  during  the  flights  in  the  FAA  Convair  580,  CV-880, 
and  the  NASA  B-737. 


3.  The  TRSB  system  installation  was  completed  in  a short  time 
interval  in  a routine  manner  in  the  very  complex  environment  of  a busy 
international  airport. 
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TABLE  1 


TRSB  DATA  ACQUISITION  FLIGHTS  AT  JFK. 

FLIGHT  PATTERN  DESCRIPTION 

Level  flight  centerline  radial  from  15  nmi 

Level  flight  radial  at  38°  right  from  15  nmi 

Level  flight  radial  at  38°  left  from  15  nmi 

Clockwise  arc  90°  right  to  90°  left  at  5 nmi 

Counterclockwise  arc  90°  left  to  90°  right  at  5 nmi 

3°  centerline  approach  to  runway /overflight 
from  10  nmi 

5°centerline  approach  to  runway/overflight 
from  10  nmi 

Canarsie  Approach 


DECEMBER  1977 

FLIGHT  ALTITUDE 
FEET 

2,000,  4,000,  6,000 

2, 000,  4, 000,  6,  000 

2, 000,  4, 000,  6,  000 

2,  000,  4,000,  5,  000 

2, 000,  4, 000,  5,  000 

2,  000  (initial) 

2,  600  (initial) 

2,  300  (initial) 
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TABLE  2 

I RSB  OPFRAT^Al.  DEMONSTRATION  KI.KiUTSAI  JFK 
DECEMBER  1977 


DATE 


APPROACHES 

E LIGHT  AUTOUND  MANUAL 


PARTICIPANTS  BY  ORGANIZATION  A 1 
A E FILIATION 


12/S/77  1 
12/5/77  2 
12/6/77  1 

12/6/77  2 
12/7/77  1 
12/7/77  2 


-I 


1 


3 


4 


USA  Press  - 1 1 

USA  Press  - 5;  Television  News  - 3 

USA  Aviation  - 7;  National  Transporta- 
tion Safety  Board  - 2;  EAA  - 1 

USA  Aviation  - 8;  EAA  - 2 

USA  Congressional  Staff  - 11;  EAA  - 2 

USA  Conn ress ional  Staff  - 10; 
Electronics  Manufacturer  - 1 


12 '8/77  1 


5 


ICAO-1;  Foreign  Gov't.  - 5;  TV  News  3 
France  Industry  - 1;  EAA  - 2 


12/8/77 


ICAO  - 12;  Norway  Civil  Aviation  - 1 


12/0/77  1 

12/9/77  2 

12/12/77  I 

12/12/77  2 


New  York  Area  Aviation  Interests  - 12 

4 2 

New  York  Area  Aviation  Interests  - 10; 
Lincoln  l aborator  ies  - 1;  EAA-1 

EAA  Eastern  Kenton  - 8;  EAA  D.  C. 
Office  - 3;  Aircraft  Mfjt.  - 1,  New 
York  Port  Authority  - 1 

5 1 

EAA  Eastern  Kr^ion  - 9;  EAA 
Washington  Office  - 4 


12/13/77  1 

5 

12/13/77  2 


Air  Transport  Assoc.  - 10,  Electronics 
Manufacturer  - 1;  EAA-2 

Air  Transport  Assoc.  - 9;  USA  Press  - 
1;  FA  A -4 


Abbreviations:  EAA  - Federal  Aviation  Administ  ration 

ICAO  - International  Civil  A viat  ion  Organization 
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TABLE  3 

TRSB  MLS  DEMONSTRATION  PARTICIPANTS 
REPRESENTING  INTERNATIONAL  GOVERNMENTS 


Mr.  T.  H.  M.  Hagenberg 
Mr.  Keith  Watling 
Mr.  Sandor  Grashoff* 

Mr.  Daniel  Dayer 
Mr.  W illiarn  Codner 
Mr.  Ronald  Chafe 
Mr.  James  M.  Ahwai* 

Vice  Commodore  Elio  J.  Acosta* 
Mr.  R.  W.  Gross* 

Mr.  Fachri  Mahmud* 

Mr.  M.  Abouchacra* 

Mr.  Y.  M.  Lambert* 

Dr.  F.  Crznar* 

Mr.  Eduardo  Guillen  Acuna* 

Mr.  Stuart  T.  Grant* 

Mr.  Jarl  H.  Edvard  sen 
Dr.  J.  Krieg 

Mr.  P.  K.  Ramachand ran* 

A.  V.  M.  J.  B.  Russel* 


Netherlands 
United  Kingdom 
Netherlands 
Switzerland 
United  Kingdom 
Canada 

Trin  idad/ Tobago 
A rgentina 
Australia 
Indonesia 
Lebanon 
F ranee 

Czechoslovakia 

Honduras 

Canada 

Norway 

Federal  Republic  of  Germany 
India 

United  Kingdom 


*ICAO  Representatives 
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FIGURE  1.  TRS3  LAYOUT  AT  JFK  INTERNATIONAL  AIRPORT 


FIGURE  2.  TRSB  AND  PRECISION  LASER  TRACKER  SITING  AT  JFK  RUNWAY  13L 


MAINTENANCE 


IARPOW  ELEVATIO:;  SUBSYSTEM  INSTALLATION  AT  JFK  '.’I  EVEN  FROM  RLTIWAY 


TRSB  BASIC  NARROW  ELEVATION  SUBSYSTEM  WITH  RUNWAY  13L  AND  JFK  TOWER  TO  THE  REAR 


FIGURE  6.  DETAIL  OF  TRSB  ELEVATION  ANTENNA  BASE  MOUNTING 


ELEVATION 

(DEG) 


FIGURE  7.  HORIZON  PROFILES  FOR  ELEVATION  SITES  AT 
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FIGURE  9.  TRSB  AZIMUTH  SUBSYSTEM  ENCLOSURE 
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COURSE  TO 


CRI  VOR/DME 
LITEA 
LITEB 
LITEC 
LITED 
THRES 
[ AZMTH 


N40“  36. 7‘  - W73"  53.7' (JFK  270.8V5  7) 
N40°  38.2'  W73°  52.6'  (JFK  286.6V4  7) 

N40®  39.3'  - W73°  51.3'  (JFK  304.0V40) 
N40°  39.9'  - W73“  49.6' (JFK  322.IV3  2) 
N40*  39.8'  - W73°  48. 2‘  (JFK  336  4V2  4 ) 
N40*  39  3'  - W 73"  47. 1'  ( JFK  351.  IV  1.6) 
N40°  38.5  W73“  45.4' (JFK  073.4°  1.0) 


041.4° 
041.4° 
054.2° 
076.8° 
I I Q2° 
132.8° 
132.8° 
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JOHN  I M NNI  O INTI  NNATIONAl 


ITUUKi:  l l . OANAKSli:  AITK0ACI1  TO  KHNWAY  l'l 


'STRATI ON  FL 


FIGURE  13.  FAA  CONVAIR  580  TRSB  DATA  ACQUISITION  AIRCRAFT 


AIRBORNE  TESTBED  INSTRUMENTATION 


MICROWAVE  LANDING  SYSTEM  (MLS) 
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TIME  REFERENCE  SCANNING  BEAM 
(TRSB)  MLS  IS  AN  AIR  DERIVED 
APPROACH  AND  LANDING  SYSTEM.  An 

aircraft  i an  vfetetiuine  its  position  in  spat  e 
by  making  two  angle  measurements  and  a 
range  measurement.  A simple  i|iouiHl  to  an 
data  capability  pr  ovules  an  pot  t and  umwav 
idenlifu atiou  and  other  vHH'iational  data 
(such  as  wind  sjhhhI  and  duev  tion,  site  data. 
»md  system  status) 

FAN  BEAMS  PROVIDE  ALL  ANGLE 
GUIDANCE  (APPROACH  AZIMUTH. 
ELEVATION.  FLARE.  AND  MISSED 
APPROACH).  1 ho  1 MSB  wound  transmitter 
supplies  angle  information  through  precisely 
timed  sv  aiming  ot  its  Imams  and  requiies  no 
form  of  nuxlulalion.  Beams  are  si  aimed 
rapidly  "to"  and  "ho”  throughout  the 
coverage  volume  vis  shi»wn  below.  In  each 
complete  scan  v ycle,  two  pulses  are  icvoived 
in  the  aircraft  one  in  the  "tv'”  scan,  the 
other  in  the  'ho”  scan.  lheanciaft  receiver 
denve$  its  position  angle  duet  tly  from  the 
measurement  ot  the  time  difference  between 
these  two  pulses. 


RANGE  IS  COMPUTED  IN  THE  CONVEN 
TION  At  MANNER  l RSR  . opo\e\  to  use 
l Rand  Distance  Measuring  I gtnpment 
|DMI  ) that  is  cpngMtihle  wthes  ‘ ng 
navigation  equipment  It  p»o\  >1e  o '.»ved 
accuracy  and  v hanneh.  ahon  « aj\ib  hes 
1 fie  leguired  AX)  v hannels  v an  be  nude 
available  by  assignment  O'  sharing  of  esishuti 
channels,  using  additional  puK« 
piesing.  The  ground  tianspondei  is  typically 
v oIIih  ated  with  the  apptoav  h a ninth 
subsystem. 

NOTE:  IheDMI  (ranging)  him  lion  is  not 
discussed  m detail  tiecause  it  in  indtH»endent 
ot  angle  guidance  subsystems  and  theretoie 

is  not  critical  to  the  description  ot  TRSB 


SCANNING  BEAM  CONCEPT 


\ [ t V A t ION  Ml  AM 


t RSH  twaim  .»•«»  vaihmI  i.H'ntiy  "Hi**  and  Mlio" 
(buck  «I«1  foilh  tor  A/WHrth,  down  and  u»»  for 
i'H*vvii  k»h|  .u  .»  pnH  m’  i ate 
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TRS8  USES  A TIME  SEQUENCED 
SIGNAL  FORMAT  FOR  ANGLE  AND 
OATA  FUNCTIONS.  Anqle  and  data 
turn  lions  (that  is.  appioav  h azimuth, 
elevation,  fldio,  missed  approach  guidance, 
and  auxiliary  data)  an*  sequentially 
transmitted  by  the  ground  station  on  the 
same  channel.  Primary  operation  is  C band, 
with  300  ML*  spav  mij  between  v hannels. 
Mowevei  the  format  is  compatible  with 
ku  Band  requirements.  (Note  OML  is  an 
mdetvndent  tuiu  lion  on  a sepatate 
trequenvy  ainl  is  not  a pan  ot  this  toimat.) 

THE  SIGNAL  FORMAT  IS  DESIGNED  TO 
ALLOW  A MAXIMUM  DEGREE  OF 
FLEXIBILITY  I mu  lions  v an  lx*  Pans 
milted  m any  older  01  combination  tv»  moot 
the  unique  ch  relational  needs  of  ea*  h site. 

1 his  flexibility  is  made  possible  t>\  a 


THE  TRSB  FORMAT  PROVIDES  FOR 

CURRENT  AND  ANTICIPATED  FUTURE 

REQUIREMENTS.  Included  die 

• Propor  honal  a.u muth  airgle  gwidanv  e 
to  ±60°  lelative  to  runway  vonterlinc 
at  a 13.b  H/  uirdute  rate  (that  is.  data 
ate  lenewed  13.b  times  each  sevond.l 

• Propor tional  missed  apprwH  h a imuth 
gutdarKC  to  t40°  relative  to  runway 
center Iiih*  at  .i  tv 7b-H.*  update  rate 

• Proportional  elevation  quidaiw  « up  tv* 
30°  with  a 40.  b Hz  upvlate  rate 

• I late  guidon*  e up  tv*  l‘o°  with  a 
40. b H.*  update  rate 

• .ib0°  azimuth  guidaiue  with  a tv  ’S  Hz 
update  i ate 


turn  bon  preamble  identifu  ation  messd*)e 
This  nvss.Kh*  sets  the  airborne  useivei  to 
measure  tire  angle  or  dew*de  the  data 
turn  ben  that  vuM  follow.  Hr*  ordering  or 
tenjiHj  ,d  transmissions,  therefore.  s nv*l 
impor  tant  I his  flexibility  tx'imits  mdiv  -dual 
fu»k  turns  tv*  be  added  oi  deleted  tv*  meet 
spevih*  airport  requirements  ll  also  peunits 
any  T RJ>B  airborne  u\  erver  to  operate  with 
any  ground  syste  ".  1 he  v*nl\  rtXlc. * » ements 
ate  ff'dt  a minimum  data  rate  (mimmui” 
number  of  tv*  bo  time-ddfeteiKO  measure 
mt’nts  per  sevond'  be  maintained  tv>r  each 
angle  function  and  that  those  measurenu’nts 
tx*  relatively  evenly  distributed  m time.  An 
example  of  two  t>4- millisecond  sequences  of 
a configuration  that  utilizes  all  available 
functions  is  illustr*ited  below. 


Missed  apptoav  f*  v*r  vfeparture 
elesat'  >■  fink  tiv'i*  with  a t*  ‘ 
upvlate  i at** 


• Basic  data  pfuw  to  each  angle  hm*  bon 
(includes  fimct'v'n  identification 
diil'Oft  identification  a unuth  sv  ale 
fvkiois  and  nominal  and  vm  imninum 
seltH  table  glide  slope) 


Auxiliary  vlata  foi  example 
environmental  a id  .i  rtv  ! ondibons 


Available  tu’*e  fv*r  othei  vlatvi  and 
additional  futvne  fun*  lions 


APPROACH 
V.'IMUf  H 
OMt 


r I < V At  ION 


MlSSl  r> 

APPROACH 

A/IMHTM 


th«*  1 MSH  sxjivil  oM«s  nvninuHii  Mo*»b*!iiv 
I**  meet  unNiur  *imx  mien  envois 


TNS0  OM NATfS  EFFECTIVELY  IN 
SEVERE  MULTIPATH  ENVIRONMENTS. 

1 USB  \ VCV.M  ,|l  1H1K)V«'  solutions  to  tt«‘ 
moltuvilh  th.ll  h.«s  Imiitod  the 

implement  alum  of  other  I.hhIhk)  system 

THERE  ARE  mOTYPfSOF  MULTI 
PATH.  Mui i • > v.» t f t ox  His  when  .»  imriitwdw 

SKjO.il  IS  l«‘tll\  l«\l  tlOMl  ,|  SU'f.kC.  SUlh  x|s  JO 

.uiptw  t strut  lure.  ki  whu  le  and  ter  tain  typt*> 
of  (em r din.  The  resulting  refk\  t»\1  beam  is 
I'ldSSifttM  .is  either  vHi l i'f  tnytm  multipath  i¥ 
inbeam  MHilfifMth.  Lteivikf  i*h)  ivt  its  t n • m*  of 
arrival  m ifH'aiiiiatt  uwiwm  relative  t«.»  tin* 
t1  ivf  signal. 


REFLECTED  SIGNALS 


OUT  OF  BEAM  MULTIPATH.  It  the  angle 
ami  therefore  the  tine  between  the  reflected 
anil  direct  beam  aie  relatively  large.  the 
aircraft  nveiver  is  sublet  ted  to  out  of  beam 
multipath  In  this  ease,  the  1 ITSB  i*ivxi\SiV 
automatically  ie»t\  ts  the  reths  tt\j  sign.il  b\ 
placing  a time  iKite.  as  illustrated  tvlow 
anxind  tht'  l1e*sii t\l  goularve  sign.il . This 
ensures  that  the  corns.  t sigrwl  »s  tracked 
t*ven  it  the  multipath  signal  amplitude 
nx>n*>ntanlv  exitsds  that  of  the  desired 
sign.il. 


TIME  GATING 


IN  BEAM  MULTIPATH.  Wtien  the  refits  t»d 
jihI  direct  signals  (each  the  am  raft  almost 
simultaneously  (the  anglt'  L>f  arrival  is  very 
small) . multipath  is  said  to  he  mi  beam. 

I MSB  combats  in  tvam  multipath  l>\ 

• Shaping  tfv  hon/imtal  (Hit tern  of  the 
elevation  antenna  to  leiect  lateral 
reflections 

• Motion  averaging,  by  utilizing  tfie  high 
data  rates  of  I MSB 

• Processing  only  the  IishIiik)  i\*ge  of  the 
flare/etevation  beam  which  is  not 
contamuutod  by  the  ground 
reflections. 


COVERAGE  CONTROL  IS  AVAILABLE 
TO  ELIMINATE  MULTIPATH  AT 
EXTREMELY  SEVERE  PROBLEM  SITES 

Any  Ml  S system  will  expenenoe  antuisition 
or  tr.x  K.ing  problems  m tfu»se  . .»ses  wtiere 
tfv  refltvted  signal  is  known  to  tv  persistent 
.md  greater  m amplitude  than  tht*  direct 
signal.  A 1 MSB  hvituie  called  ivvsM.igt' 
control  can  tv  implemented.  at  no  cost,  in 
such  cases  by  simply  programming  the  Btwm 
Steering  Unit  (BSU).  This  feature  tvimiisa 
sinH'le  adiustment  of  tht'  ground  facility  to 
limit  the  scan  sec  tot  in  tfv  i1m\  turn  of  the 
obstacle  and  thereby  prevents  at\i ms- bon  id 
eiroixvus  Signals. 


SELECTIVE  COVERAGE 
CONTROL 


4^3 


AMf'l  I HUM 


MV»V  HPA1H 
SU'.NAl 


By  rfv  tun 

WUV  ..»•»  tv  *d|u%i«xt  te  inrwni 
iM*t*MitXl  H>  u'IHMkmv. 


tmv  ix«t««H)  ttvn  ihi* 

INNIEH  I NJQ*V*I  l>  II. K iwi  IHT| 

IN*  m'IHnuxI  otv 


available,  .is  indicated  in  the  table  tviow 
I tom  which  a ground  configuration  i an  In* 
dost  good  tii  provide  guidantY  signals  m sivk  e 
ot  uniform  quality  in  .ill  airport  «'nvmwi 
monts. 


TRSB  IS  A MODULAR  SYSTEM  WHICH 
CAN  BE  CONFIGURED  TO  MATCH  THE 
NEEDS  OF  THE  USER.  A a t v't  ph.is»\1 
.mi. iy  subsystems  h.»s  txvn  designed  th.it  may 
tv  installed  m .my  combination  to  moot  the 
I'i.vkI  i.mge  of  user  requirements. 


NOTE  PMl  is  .in  iMifi^HMufont  subsystem 
which  is  combined  with  appiopi  i.Hr  .1.  muith 
and  Hev.it um  subsystems  to  m«iLe  ot'  the 
tot  il  guidance  system. 


lhr  minimum  system  configuration  consists 
of  apt*  OJch  azimuth  and  elevation 
subsystems.  I late.  missed  oppnwh,  and 
tange  subsystems  may  tv  mcluiVd  ot  added 
later.  Sevsv al  antenna  txvimwidths  .mo 


GROUND  ANGLE  SUBSYSTEMS 


SUB 

SYSTEM 


PRINCIPAL  APPLICATIONS 


Approach  Azimuth  t ong  Runways 


Azimuth 


ApfVtvKfi  A.*i moth  Inter  mediate  length  Humvavs 


A/tmuth 


Azimuth 


Appioach  Azimuth  Stnvt  Runw.ns 
Missed  Appicoch  Azimuth 


I lev.it  mn 


t levation 


I levation 

(Severe  multipath  sift's) 


t levation 

(less  seveie  mullgxith  sites) 


Coon ,hx»  determined  l>\  tfcvim  Steering  Unit  (t*SU)  tei  all  -»n.i\  s, 

Se*  mult  math  discussion 


Piwwi  Ana*  Azimuth  Antenna  imtaIN 
a\  the  Matuvvil  Aviation  f mlltin 
t %i«*i  fn>m.  Hadome  »s  rolW 

K*«  i »o  supw  » ml  Mitt  ng  aVwnij. 


NOMINAL 

BE  AMWIOTH 

(DEGREES) 

COVERAGE 

(DEGREES) 

• 

\ 

Up  to  ♦ tV 

2 

Up  to  ♦ t?0 

3 

Up  to  t till 

as 

U'  to  )!' 

1 

Up  to  .10 

■> 

Up  to  .<1 

AIRBORNE  RECEIVER  DESIGNS  ALSO 
STRESS  THE  MODULARITY  CONCEPT 

Users  need  only  procure  what  is  rxvossaiy 
tor  the  set  vices  desired  from  any  giound 
facility.  To  obtain  approach  and  landing 
guidance  at  the  lowest  cost.  an  am  ratt  needs 
only  an  antenna  and  a baste  uwivvi 
processor  unit  operating  with  existing  II  S 
displays.  An  air  transport  category  aacraft 
eqni{>ped  tor  ofH*r  at  ion  to  low  weather 
mmimums  will  carry  redundant  equipment 
and.  in  tin*  future.  advanced  displays  to  tully 
utilize  all  of  the  inherent  operational 
capabili tit's  provided  by  1 RSB. 

1 lie  200-channel  1 RSB  angle  receiver 
processor  provides  angle  information  trout 


the  scanning  txvim  azimuth  and  elevation 
subsystems  arxf  d«H  ides  the  auxiliary  data 
tor  display.  S^xvial  rnonitonng  ensuies  the 
intixjrity  ot  the  receiver  output. 

A second  airborne  unit  in  the  DMl . It  is 
channeled  to  o(X*rjte  with  the  angle 
receiver  procossoi  and  provides  a continual 
readout  ot  distant  e. 

Roth  the  angle  receiver  processor  and  the 
PMt  piovide  standard  outputs  to  existing 
t light  instiunx'nts  and  autopilot  systems.  An 
optional  airborne  computet  would  be  used 
to  generate  curved  or  segmented  appro**,  hes 
tvistxl  on  1 RSB  position  information. 


AIRLINE  TYPE  AVIONICS 


GENERAL  AVIATION  TYPE  AVIONICS 


A-b 


— — 


I 


f ! 


I* 


r 


TRSB  CAN  PROVIDE  ALL  WEATHER 
cANDING  CAPABILITY  AT  MANY 
RUNWAYS  THAT  PRESENTLY  DO  NOT 
OFFER  THIS  SERVICE  This  is  made 

possible  by 

• 1 h»*  purposed  v hannel  pi, in.  which 
* ontams  enotujh  • flannels  for  any 
foreseeable  rmplementation 

• Hicjlt  system  mlcijnty  ,inrl  precision 

• Mmimiiin  sit ii hj  requirements. 


TRSB  SPANS  THE  ENTIRE  RANGE  OF 
APPROACH  AND  LANDING  OPERA 
TIONS  FOR  ALL  AIRCRAFT  TYPES  I his 

includes  CTOl  . STOl  . and  VKH  ' aft 

opci.i(iM»|  over  a vv id* • r.iHuc  of  flujfil  profiles 
T he  par  tr<  iiI.m  need*,  o I users.  i.imjino  h ’■ 
general  aviation  to  mj|oi  an  earners,  aie 
at  i ommodated.  1 I'M'  r.  adaptahl*  to  i »« •«  i.i> 
mtlil.ii y appl«<  Jtions.  mu  h as  tran  por  table 
01  shipboaid  > onhqurattons  on  .*  • o’"p  itible 
basis  witfi » ivil  systems 


THE  LARGE  COVERAGE  VOLUME 
PROVIDES  f LIGHT  PATH  FLEXIBILITY. 

1 i.insilion  fiom  on  iiHite  navigation  is 
enhani  od  through  the  wide  proportional 
leverage  of  Ml1*  Siu  h flexibility  in 
approai  h paths,  i oupled  with  high  duality 
guidan,  e. , an  be  used  to  at  hieve 

• Impiovements  m tunway  and  airport 
at  * ival  • apat  its 

• Rotter  control  ol  noise  exposure  neat 
air  por  is 

• Optnni.  e,|  approa,  h paths  for  future 
V/STOI  aircraft 

• Intercept  of  glide  path  an<f  <>f  runw.iy 

, enter h nr  extended  without  ovei  shoot 

• lower  miiiimiims  at  , et  Min  existnuj 
airpoits  by  providing  precise 
missed  approai  h guidance 

• Wake  vortex  avmdanee  tlujht  paths 


THE  TRSB  SIGNAL  FORMAT  ENSURES 
THAT  EVERY  AIRBORNE  USER  MAY 
RECEIVE  LANDING  GUIDANCE  FROM 
EVERY  GROUND  INSTALLATION. 

Compatibility  is  ensured  between  I at  ihlies 
seiviiuj  international  civil  aviation  and  those 
setving  unique  national  requirements. 


HIGH  RELIABILITY,  INTEGRITY.  AND 
SAFETY  OF  TRSB  ARE  ENHANCED  BY 
SEVERAL  IMPORTANT  FEATURES 

I hose  m»  lude 

• Simple  I HSH  uveivei  processing 

• Multipath  immunity  featuies  on  On- 
ground and  in  the  airborne  te,  eivet 
processor 

• A i omptehensive  mom  tot uui  sy  st« 
that  veidies  the  status  ol  all  sub 
systems  .rod  the  radiated  signal  Status 
d.rta  are  transmitted  to  all  air*  tab  six 
times  each  so*  ond 

• Codmij  teatuies.  su*  fi  as  parity  and 
symmetry  ehecks.  tfr.it  prevent  the 
mixiiuj  *>f  fun,  tions 

TRSB  PROVIDES  CATEGORY  III 
QUALITY  GUIDANCE.  1 HSR  s„inui 
guidance  quality  has  already  luvn  pmveih  i 
d*Mn*>nstration  ol  hilly  automatu  landm.js 
in,  hiding  rollout,  m ,i  , urrent  , ommei.  m 
tianspor  t am  rail  (Boeing  M7I  .ind  an 
executive  |»M  (North  Amer .m  '..rhielu,  i 


t tt'.lt  erevnli'-  I'*,*,  isn't , ,»  • ••  . mv«x1  .»*,a 

.,ee'.'.i,  Ihv.  r,„  n, .,„«t 
ff.irft,  irfst, .«( f, if i,  ,i%  w«'ll  .in  »i  .lufi'l.iixt  .*•  h I 
rollout 
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\ 49  AIRBORNE  DATA 
)ale  12/  2/?7  System 


Elapsed  Time  In  Seconds  S.F.  * 10  sec 


N 49  AIRBORNE  DATA 
Dale  12/  2/??  System  1 


Elapsed  Time  In  Seconds 


N 49  AIRBORNE  DATA 
t Date  12/  2/77  S 


Elapsed  Time  In  Seconds  S.F.  * 10  sec 


psed  Time  In  Seconds  S.F.  * 10  sec 


me  In  Seconds 


49  AIRBORNE  DATA 


Elapsed  Time  In  Seconds 


N 49  AIRBORNE  DATA 


N 49  AIRBORNE  DATh 


N 49  AIRBORNE  DATA 


H 49  AIRBORNE  BATA 


49  AIRBORNE  DATA 


Elapsed  Time  In  Seconds 


N 49  AIRBORNE  BATA 


Elapsed  Time  In  Seconds  S.F.  r 10  sec 


ate 


Elapsed  Time  In  Seconds  S.F.  * 10  sec 


Elapsed  Time  In  Seconds  S.F.  • 18  sec 


49  AIRBORNE  DATA 


49  AIRBORNE  DATA 
ie  12/  5/77  System 


Elapsed  Time  In  Seconds 


N 49  AIRBORNE  DATA 
ht  Date  12/  5/7?  System 


Elapsed  Time  In  Seconds 


N 49  AIRBORNE  DATA 
hi  Date  12/1 I'll  System  1 


Elapsed  Time  In  Seconds 


49  AIRBORNE  DATA 


9 AIRBORNE  DATA 
e 12/13/77  Systee  1 


Elapsed  Time  In  Seconds 


Elapsed  Time  In  Seconds 


49  AIRBORNE  DATA 


Elapsed  Time  In  Seconds  S.F.  * 10  sec 


49  AIRBORNE  DATA 
te  1 2 ^ 16/77  System 


me  In  Seconds  S.F.  * 10  set 


AIRBORNE  DATA 


N 49  AIRBORNE  DATA 


sec 


AIRBORNE  DATA 
12/17/77  System 


me  In  Secor. 


49  hIRBORNE  DATA 
ie  12/17/77  System 


psed 


N 49  AIRFORNE  DATA 
Flight  Date  12/17/77  System 


ime  In  Seconds  S.F.  * 10  sec 


M 49  AIRBORNE  BATA 


49  AIRBORNE  DrtTA 
ie  12/17/77  System  1 
ational.  Airport,  New  York 


49  AIRBORNE  DATA 
ie  l2'l7/77  System 


Elapsed  Time  In  Seconds  S.F.  - 10  sec 


N 49  AIRBORNE  DATA 


AIRBORNE  DATA 


10  sec 


Elapsed  Ti«e  In  Seconds  S.F.  ■ 10  sec 


N 49  AIRBORNE  DATA 
t Dale  12/22/7?  System  1 
tern3tional  Airport,  New  York 


apsed  Time  In  Seconds  S.F.  ■ 10  sec 


49  AIRBORNE  BATA 
tie  12/22/7?  S 


Seconds 


hIPBORHE  data 

12/22  .'77  5 


Seconds 


9 AIRBORNE  DATA 


apse 


9 AIREORME  DATA 
e 12/22/77  Systee  1 
tional  Airport,,  Neu  Vork 


Seconds  S.F.  ■ 10  sec 


psed  Tlee  In  Seconds 


M 49  AIRBORNE  DATA 
FliqKi  Date  ld''22/77  System 


Elapsed  Time  In  Seconds  S.F.  * 10  sec 


Fliqht  Date 


49  AIREORNE  DATA 
ie  12/22/77  System 


Elapsed  Time  In  Seconds  S.F.  * 1C  sec 


— 
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EBOM  COPY  FUKNISHED  TO  DDC 


B-  67 


N 42  AIRBORNE  DATA 
Fliqht  Date  12/29/77  System 


B-  68 


apsed  Time  In  Seconds 


N 42  AIRBORNE  DATA 


NLS  Azimuth  Offset»-30  Deg  5 deg/div  Start  Time  12?17?18 
Elapsed  Time  In  Seconds  S.F,  * 10  sec 


N 42  AIRBORNE  DATA 
hi  Dale  12/29/77  System 


MIS  Azimuth  Offset«-30  Deg  5 deg 
Elapsed  Time  In  Seconds 


N 42  AIRBORNE  DATA 
ht  Date  12/29/77  System  1 


apsed  Time  In  Seconds 


42  AIRBORNE  DATA 
ie  12/29/77  5 


Elapsed  Time  In  Seconds  S.F.  « 10  sec 


N 42  AIRBORNE  DATA 
ghi  Date  12/29/77  System  2 
International  Airport,  New  York 


psed  Time  In  Seconds  S.F.  « 10  sec 


42  AIRBORNE  DATA 
ie  12/29^77  System 


psed  Time  In  Seconds 


nationa  l 


1 ! 

a-i  . 

CD 

-J 

| 

\ ;■ 

1 1 » > ^ -»  C-  - 

Elapsed  Time  la  Seconds 


N 42  hIPBORNE  DATm 


Second 


N 43  AIRBORNE  DATA 
ght  Dale  13/39/7?  System 


Elapsed  Time  In  Seconds  S.F.  « 10  sec 


RBORN 

2/29/ 


Elapsed  Time  In  Seconds 


M 42  AIREORNE  DATA 
Flight  Date  12/29/77  System 


fILS  Aziauth  Offset«-30  Deg  5 deg/div  Start  Ti 

>—  l JL  . * i . t ->■■  - i A.  - A-  i 4 . . — * - * — A „ i . A-  . -t * 

Elapsed  Time  In  Seconds  S.F.  * 10  sec 


N 42  AIRBORNE  BATA 
Date  12/29/'77  System 


MLS  Azimuth  Offset"-30  Deg  5 deg'div  Start  Ti 
Elapsed  Time  In  Seconds  S.F.  * 10  sec 


FIJGIIT  S 
A IHCRAF' 


AIRBORNE  DATA 
1/  4/78  System 


Elapsed  Time  In  Seconds 


AIRBORNE  BATA 
1/  4/78  Sustem 


Elapsed  Time  In  Seconds  S.F.  a 10  sec 


N 49  AIRBORNE  DATA 
ht  Dale  1/  4/78  System  1 
international  Airport,  New  York 


apsed  Time  In  Secom 


9 AIRBORNE  DATA 

1/  4/78  Systen  1 
ional  Airport,  New  York 


Seconds 


AIRBORNE  DATA 
1/  4/78  System  l 
nal  Airport,  New  York 


apsed  Time  In  Second 


AIRBORNE  BATA 
1/  4/78  System 


Seconds 


N 49  AIRBORNE  DATA 
ht  Date  1/  4/78  System  1 
nternational  Airport,  New  York 


ime  In  Secon 


N 49  AIRBORNE  DATA 
ht  Date  U 4 '78  System  1 
international  Airport,  New  Ycrk 


me  In  Seconds 


